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Abstract not available for JP2006522487T 
Abstract of correspondent: US20041 97600 

Devices are provided having an anode, a cathode, and an emissive layer disposed between and 
electrically connected to the anode and the cathode. The emissive layer includes an emissive material 
having more than one metal center. In one embodiment, first and second metal centers are Independent 
selected from the group consisting of d7, d8 and d9 metals. A bridging ligand is coordinated to the first 
metal center and to the second metal center. In one embodiment, the first and second metal centers eac 
have coordination numbers of at least 3, and more preferably each have coordination numners of 4. In 
one embodiment, photoactive ligands are coordinated to the first and second metai centers. In one 
embodiment, there are no photoactive ligands. In one embodiment, a charge neutral bi-nuclear emissive 
material is provided. In one embodiment the first and metal centers have a co-facial configuration, and 
preferably a square planar co-facial configuration. In one embodiment, the metal centers are selected 
from metals having an atomic number greater than or equal to 40. 
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:^ h un^ . m^mi3 5\t^-t^ct^x^. -^n^z^omm'^^'^^myt^^mi^^^n'f' 
Mcmmm\z ^ -D X mm-r ^ z. ti}^x ^ ^ , m^m 1 3 sinmmf^m^myti^^^^^m^'r 

^z.izii^x^^m^(D^ytmm^m-r^z.^f)t-ij^:^^ vtcf)^ x . :$i^B^<D i ^ omm 
mmxu. m^m\tz:-mm^mmdxzsm2(Dm^:^n^^i.. "^rtazji^m^vrcmyt 
:6^nFmx^57 h)v\zB^m^^^^^^t^^x^^<D\z-t^fjimm^t^^o m^^^^^m- 

(Om\tBCMLBUQA^^t^o -^XhUno^m^tAlQ^ , CBP. *5j:0JmCP£# 
o ^}¥:i>KXhC0#*?fC0^J^i. ## «t b T ^ O ^ n T ^ Thompson^ ® # 

m^^mzxm^^nxv^^. m^um^±^<<D^mxm^mi a 5fc^fes^i;«fiT^« 

[ 0 0 2 0 ] 
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^^^(D\z^m-v^^o Aids {t^tiB^^^m'f'^mmo^mx'^^o nH-e>5^^ti 
'j^mm 1 0x1 7 3, 6 8 2 BM m m m ^ nx ^ ^ ^ u . 1 ; i(D^:;i.j±-eL i \z 

[ 0 0 2 1 ] 

n^mmm (Dm^mM^^\t. ]^^^^n'?mmm<oi.vuo (Lowest unoccupie 

d Molecular Orbital; ^©^d&J^^^flii) U^Ji^\Z^^^t^m^\zmA'^^^^'^\Z 

0:t3V"}^(D^^m'^umA\t. ~§^\z. ti 'J - \^ (o jtmmm: (D m j^.^-^ ^ ^r^i^ n ^ z 

l^^tl. MSb<ii. m^li3t®©«^$^^5)c^<?)m^^?a;f3J;OltJO. 7 5eV»aif'& 
[ 0 0 2 2 ] 

;^ V — H 1 6 0 , ^ ^It ^ ^ T ^ e> n T ^ /^c£ jS ^ 5^ ^ 7t e ^ ® 

^nfc<j:D;^jy-Hl6 0tS@^^fe^^:i^;O^T^. 
-fx 1 0 0<7D=&^t#jJi(c^n'S^aAt^§:it:^t-r^;£>o :^y — H i 6 o^^. 

\^mntcomx^^. :^;y-Kl6 0tS#-STa5^^i:j&^pTtlT^0. 

4$wTsig^:*y-Hi6o$^-r, ^t^*y"K-eti. «fco;pvij»i64©S:de)©^ 
vx^<D±^^tm^i^^tix\.^&^^xm4: ;3s^n!^^ycms Mg lAgfccafco^^ 

Lfc^t^:^7y — h*^'g'tr:^ry-h'co«sj€:ia^LT«.i§o ;iby— H l 6 ooT^izmmvf:: 

^m^m}zmm-r^u^\t. "tn^'^m-mtiy-i'ieox&^Tf}^. m.-^i3v~}^(D^m 
nmmi6 2x$>^^^. ^(Dm(DU^x$>^f^^zmf:>of3i<. ii^4ev^y)^{&\r^{±mm 

[ 0 0 2 3 ] 

mm^<Dm. ^ m ^ ^ <d }z ^ m x ^ ^ . n'S'mmm i 3 o \t. m^t^mytm 1 3 b 
^jEnmmm 1 2 s<Di&i^\zmfi^<D^mvf^ftib\z. m^m 1 3 6 iuEummm i 2 5 
t(Dm\zmmx^^, mm\z. jEjimmm i 4 0 \t. lEmitmytm 1 3 5 ^m^f-mmim 

i4o<D\^^\zmn^(D^m^f^rc^\z. m^mi3 5tni^mmimi45t(Dm\zmm 
xt ^ o mmm\t. mM'?T^^m^m'^^i^^n-r^(D^t^i^f^(Diz%mmx^^. mmmco 

mm ^ ^ ^ m \Z ^> X \^ . ##tLT^O^^}<?^'m^iA^nT(.^'g)Forreste>03ie@# 

Q , 097, i47nmmm^^<^nMmi^mmm'j>mf^io/'i 7 3, 682-^ 
mm\z^i^x ^ izmm^zmm ^ nx ^ . 

[ 0 0 2 4 ] 

UT<DmK^[^±X'^^^m^O:^^, A M m Mm m ^ Mff X ^ . y'n 

-i X 1 0 0 X\t. ^UmAM 1 2 0 T/-Hll5^^SiE?LttimMl2 5^©jE?Lc33 
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^j:xsm<Dry-}^i)^i^<DiE^mxm^:Vxmm'cn^um(Dm'^^^. ^/t-rx i o o 
Tt*. m^mAM I 5 0 \t. n^m^m i 4 5^tom^o?^A^ns]±^ii-'&Me>;6^(?:)ji-e 

#^<^-7^/t'fXcr);|i^Jrj^i;T, SAJB^O^^-T^/NW^l 0 0 \Z Tjk tl tz (D t U m ts: tcit m 

^ ^ . t I. X -fit m^i^^ tlx ^lu^ (DwmiHm^j^ mm 0 9 y 9 3 

1. 9 4 8 ^mmm\z. mAm<o^io0^<(Dmfi^mm^nxv^^. jEKmAm^t. mxjtt 

[ 0 0 2 5 ] 

iE?LaAB (HiL) r y - I' mm ^ ^ m.^t V fz 0 m ^ V Tz r, t ^ r£ n X- fj, < ^ y 

/ - H^^e>IE?LaA#5^4-\co$c^^6g^j:lE?LaA&Ji#fc-r^cOf-^^-e^-5. iE?L^AJS« 
. Z. :l X n fz ^ n ^ (O ^ m U ^ > y ^ )V (ionization potential; I 

p) y~ -^^ ^ - ^ X ^ n ^ ^ -o \z. . ^ \ \^ \ ^ m\z.m^'t j - Y ^ 

t/HILcr)M^#J±CDjE?Llij^@tC^'a-J:<lifn'r^HOMO (High est Occupied Molec 
ular Orbital :^ ^ ))^ ^ - W ^.-m^m^^ ^ ^ Z. h % X 

o^phological)65^^^40fc^^)^'3l^X hM^f^^:t/?/^^tgt^J:-5o H I 1. M \z.n ~t ^ n 
iEi\.ii^y J — Y t-^ \ -L wm\z.n^m\-c^xx ^ ^ Z t:X ^ . H 

ILC7)||^^$^3^j6rg^f^. M^b<^S. A^<Tt>Ty-H**^cDIP«i:Dt>l<jO. 7.eV 
[ 0 0 2 6 } 

'^m.m\%^ c:> ^of£.^i^^m'P^ ^is^ . ^tz\^mwt ^<r^\z,m.mx'^ ^ . x/nwxioo 
u^Tciiiiix^^. m^v<\t. ^mm\t. ^nd^i^i^t- s -^^ u r ® ^ -r y (t^a-t 

<D«lf^mjE^^^<tijtJD$it;^=j:(/io CuPc. BCP. *5j:Lf^lt^7i^)lv'^n>-Tn> 

(phth&\QCY^nine)nummx^mx ^ ^ir:t'm<omx ^ o m(D^;in^^i^mjt^^mx^ 

i- TzT ^ (D m ^zM-r ^mm-^^ t)iri}^ X ^ ^ -^^ , ± < r^^^mm\zm^> z t^^m^v ^ 
/NWxi 0 (DWi^m.^^^^ < mn-^ ^ ^ ys. E\z\%m < . %mm \ 5 ^ <Dm^n 

^^^M^ ^ ^ tz^\z Y ~ My if X ^ ^ . m^L^t. CuPc^)^tiBCP*&^jgl60t3: 

^tlTViSLu6CD5K^#fFttJffiiiffl^0 9/9 3 1, 9 4 8^igiiII|{C^V>7t'^tl-5o 
[ 0 0 2 7 ] 
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m 2 L O L E D 2 0 0 ^ Wi-r . C:cO^y\*-l'Xti^=fi^2 10, :j?7y — H2 15, 

jj^i}^r/~}^(D±\zmm^nrct!V— ^r^'j' j-^-^ x 2 0 o :^^r y — \^ 2 3 0(?5 

T^^SeS^nfcj^y — H2 15$#-r^<DT, ^/N^'1'X2 0 0 « rj^^b/cj OLEDi 
.^^ C i T ^ ^ o /N' :^ 1 0 0 tc: O T I5£ 0J ^ n CO t IrI 3|t CO 3^ , 5^ /\' X 2 

[ 0 0 2 8 5 

^ $ n ^ . 0^ 0^ ^ ti J^j: ^ ffi © ^ ^ tr :i i T ^ „ ^ ^ 0^ $ n ^ cD £^ 

mi^x ^ -^^ . yi-^ 7. h t - /-^ y h (D <^ u ^ (D u n (D m.^^ t> it . ^rc\-3:x v — mm 

^^•rsjiifcT^s. c ::xm^ ts^m\z-^ ^ ^ ntci^m^^t. mm\zm^-t ^ :l ^ ^M:m 
bx&vio «ajAt^> 5^/t^'x2oo-eji, iETLWim.m 2 2 5 \ttiE^^mmv . m^m 2 2 
0 \ziEifL^mAT ^ h <Dx . jEKmrnm^fti-^jEKf^Am^Lx^mx^^o i -zxDmm 
mmx^-s.. oLEDtt, ^ V - I' tr y - I' <or^i\zmm-^ ntd ^^m<^m] ^ h 

z^m2\zmi.xm.m^nr:z^z>\z. iSiU^-^mmmn(D^§k<Dm^'^ i^\z^ti ^ ttix^ 

^ o 

[ 0 0 2 9 ] 

##ibT^<?:>^#:^^ffl^j2iSnTVi>£)Forreste>®^|ea#1^^5, 2 4 7. 1 9 0^ 
0^ia»Tffl^$tlTVi^J;3;^d;i^^^t^fSfj|^ (PLED) i!)^^rji^OLEL>i^a(D. mm 

\zmm^titsi^^^rcmmL:^m^mmx^^o ^i^u^mtvx. m~<Dmmmm 

foTiest^ (Di^^xu 3 xmm-^ tirci ^ \z V X mmx^ ^ . oLED<Dm^\t. mi^ 
^z^m 2 \z^-$ nrc.mmummmf)^ ^mis^T ^ ti}^x ^ ^ . m^tit. mm.\t. v^-rn^ 

*H» T ^ ^ ^ n T § , ^^UX^fclt. Bulovic6 cOTitS^Jf m 5 . 8 3 4, 

8 9 3^mmmxm^^nxi^^^\:iy h iviDmyto:) j^-^ tj:. ^^^t^omb^^Cout-co 

[ 0 0 3 0 ] 

w m (D ^ tt> m K) . m ^ ^ m \z ^ ^ u ^ m h iE> (D mm tji:& m ^ X ^ 
^mmmizmt^m^i.i^^:^m\:Si. m^tLx\^^Tn%^<D'^i^f}iU3^ji-t,tix\,^ 
^^m^f^^e, 013, 9 B 2 ^mmm^is ^uMMii^wm e , os?. i96^?g}^# 

Tift ?| $ nr S <J: 5 35: f^StS: (thermal evapo ra t i on) ^ -< > 5^ h . ##^UT^ 

0^#:30tffii^3^^tlTV^^Forreste,(D^i^ai!j#fF^6, 3 3 7, lO2^0J|ffl«T^?g$ 
nTl^iS<fc5^i:^^i^^^a^^ (OVPD) , ##tl.T^<Z)^^;^>tM^jA^nTVi^3j^ 

H#s^mm^i^mio/'2 3 3, 4 7 onBMm0xmm-^nxi^^^^otji^m^mm.^^:r. 
y hwm (ovjp) tcj;^it^t (^*) , ^-^ts o mommrxmrnmit. xt:>n--r 
^>^*5j;o^?^^gtc2S^^<ffia)5a.s$^ty„ m m \z m -zs < \t . h < \t . mmmm 
^^rcLi-^^mfi^xnmMxntin^. m.(Dm \zn vx . m^vi^^:/3mitmMn'^^ti. 
^m^^"^ ^ - > H :^ ^mvftmm. ^^-rri'hm^tvx^o^^^aiiu^yL^ 

nx^^^^m^nf^ 6 . 294, 3 9s^mmm^^zj^^m^mm6, 468, 819-^ 
mmmxnm'^nx^^^^^rjiT^f^EEm. ^^zj^-i > ^ >f :jl y h ^ xr^ov j Dtiia<D\f^ 
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r V ^ u ^ <D mm m . mmmm^zm tl ^ ^ cd mt} ^ m id ^ tc^ \z ^i^^^ ^^mx m m 
mT^^n-z^ <D ^ r) h ^ttff^mmmmmt} ^n-^ ^ t:^^x ^ ^ . ^ > ]^ -mm^\t. 

[ 0 0 3 1 ] 

-^yHTyy^^^g (heads up display). f -( :^ Zf V ^ transparent d 

isplay), y U ^ zy Zf )V ^ :^':f V -i . - If - y U > ^ . . M^mm. ^ ^ * ^ 

* (PDA) . "7 y Zf" h y Zf zi }^ =L — ^ . V )V ti ^ . — ^^Ccaracorder). 

y r ^ y y . m 'i-^wf ^ zf v . APiS^fc^t0jJ»^fct^X:$'i?7AcDx^u- 
>. '^t:i\'imm^'^ jl. < u ^ ts.mmmm^u\zm.^^iLts ^ i:i}^x ^ ^ . /-^-y^-^^Thu^ 
^nr ^ ^ ^ zT-^ V rj ^ y. ^ ^ u ^ u u m m,m ii'^ . ^^fc^igfcse-^Tf^M^nfeT^/t 

T (.^ S . 20 
[ 0 0 3 2 } 

z.xm.m^ ntz.^^Pf . o\.^'D\^x^<jy'Tn^7.\z^v^^m^^^^^^z.}:ifi^ 

[ 0 0 3 3 ] 

zz,x^m^ri^ \z. . ^ mm^m'^tt\ \%. nw.t-^mm^oy^^^ nt'-\z.^\,-^xmn 

[ 0 0 3 4 ] 30 

^K, '>f^<t.-^\z:>(D^mW.^^\z^1iXi\^tz.'>t^<^'^\z:>(r> r5tM^/j:j @a#:^^::fe 
[ 0 0 3 5 ] 

^t^, 2O04''C>^M*«aJ6T^5aLfct^M, 5i ^.4 A £^ T b t ^ i ^ , 

(D^ L-^m\z1i^^X ^ . ^ >h^U<i^f^t^ A. K'ikT (D^mx Z . m ^ <r> 

[ 0 0 3 6 ] 

l^i<o;f&^<D^ig?i^^Ttt. 2':?®4'iL>^«^ilo£^_ho^«gB^2:^^c4:t^T^7x'f>' 
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^ 'ptj: < 3 ^ <D ^ ^ -f)^ ^ ^ ^t- ± m ^ w ^-r ^ :i ^ ^ M^~r ^ ^ ^mt^^ y >- 
^ jv mm\tiE:^ ^m--^ y zy ^ jummx ^ X . ^n«. m d ' ^mxmmx^ 
-So lE^ ^m^^mmiz :^^^x . ^ ^ 't^^mit. -r ^x ^^^s^i^m — (ow^-^iz ^ 0 . d>c)45s 
\f^\zm9omrd^fmnx<^^^4'D<D^'^m^m-::io mio^^zsmiiiz^^n^ (f , 

ppy) 3 F t 2 <SPy) 2 ^^JE:^^M^Oiy:i^'r>'^^)l^<D=Zt0i^mit'^^(Om^$>^ 
[ 0 0 3 7 ] , 

m^±(o^n^y)i^^^^±m. 'rt^it)%4 0}zml^r^>t^^^\t^n&s±(Dm^^^^m^ 

[ 0 0 3 8 ] 

mmmm (D . ^tj: ^ ^ ^ij'^m\zm^-^ nr^i 2 (D^m\itiim<t^(D Ttiftju^^ffis 

i^m ^mmi^^zsmmr ^r:iib\z. m^m^^^^mr^ c t\z^^xm^i^^ 

fsix - K^M^mi^s 3. 5 A&^T (Dmmxn\zu^-^ t . 2'^a>^m^rj:m^i^<D 

[ 0 0 3 9 ] 

i)K m - <D ^ ^ mx \^ u < ts ^ 2 ^ <D m f3i ^ ^ ^ m \z m ^ m \z m ^ ti ^ o i,z m 
c 0 0 4 0 ] 

mw.x ^ ^ u B nx ^ (Dx . ^mu^T\^ r^jnj ^l^^^^^l^;5^-e^s, b^^b^c 

[ 0 0 4 1 ] 3Q 

^m^^Df^-^^m^u^m-) x^^ct^^^mx$>^. l ftf}^-o x . ^mmwf-\tn^^(D 
rctbcD(i>rji<th2-z:>(D-*^^hi}^&^^'?-x^^. mwtjimmm^^\t. ^^i. rz=.mu 
t:m^x^^:k^ti:mt^m^mx^i^tirz'bcD>i-^^Mz<^t7^ix^^. ^ <d x ^ u^u^z 

tld^ <h b T m ^ i2i * n T tri S : Matsumoto ^ ^ , r Organome t a 1 1 i c chemis try of pla 
tinum-blue derived platinum III dinuclear complexes. Coordination Chemistry Revi 
ews 2 3 1 ( 2002^) p2 2 9-238 : *3 <t £K Te i e 1 ^> ^ . rFroiii Platinum Blues to Rhodium a 40 
nd Iridium Bluesj Chem. Eur. J. (1999^) 5, ^4-^, pll31-1135; Belittoe>^. 

TMetal-Metal Interactions in One Dimension. 3. Segregated Canted Stacks of Tetr 
akis (d i th i oacet ato) diplatinuoi (ll)j , Inorg. Chem. ( 1 9 8 0) 1 9, p3 632-3 6 3 6 ; 
}::Oskui^>^, roi-and Tr i pa 1 1 ad i um (II) and-platinum (II) Complexes Containing 7 
-Ami no- 1 , 8-naph t hyr i d i n-2-one as a Bridging L i gand-Ox i da t i 0 n of a [Ptj]'* Core t 
0 [Pta]''j . Eur. J. Inorg. Cliem. ( 1 999^) 1 3 5 - 1 3 3 3 ; Nava r r 0 ^ ^ . rBinuclarPl 
atinum (II) t r i az 0 1 opy r i m i d i ne Bridged Complexes. Preparation, Crystal Sturcture 
, NMR Spectroscopy, and ab Initio MO Investigation on the Bonding Nature of tlie 

Pt(II) Pt (II) Interaction in tlie Model Compound {P t, [NHCHN (C (CH, ) (CH, ) ) ] 4 f 

J , Inorg. Chem. ( 1 996^) 35, 7829-7835 ; Lewis^^, T 0 1 i gome r i z a t i on and Two-C 50 
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enter Oxidative Addition Reactions of a Diineric Rhodium (1) Complexj , J. Am. Cli 
em. Soc. ( 1 976^) 9 8. 746 1 -7463 M ^ ^ n T ^ . 
[ 0 0 4 2 ] 

[ 0 0 4 3 ] 




[ 0 0 4 4 ] 

^ T , X :^ 'L^^m^(D ]^ ^ y^^^ (donative bond) €: fl^ J^g T ^ 

[ 0 0 4 5 ] 

[ft 2 3 




20 



[ 0 0 4 6 ] 

ates: RCOO" ) , ^ :t :^ ^ )U M (thiocarboxyloic acid; RCSS' ) . tfn 
'J>@?a (pyrophosphate; - O3 P-O-POs " ) , ^fctifls^^ 
[ 0 0 4 7 ] 




[0 0 4 8 ] 
[ 0 0 4 9 ] 
[ 0 0 5 0 ] 
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4 ] 




[ 0 0 5 1 ] 

mn^ n ; 

Y it. c. N. s. ^ ^ u F io u ^ ^ - ^ ^ n ; 

[ 0 0 5 2 ] 

-r^o z.n\zx 0 . nmm^^mA^ . ¥-^JS y m:^^ ^xu< . tjh ^mm^ 

[ 0 0 5 3 ] 

« luminophore ; ^ ^ M) f)^ W} m m X fl^ ^ n X ^ . ^ m X \t m ^ tl X 

^^mizmi^^ . x^^^-v^s, 2':D(D^^^r^\-^mf^m\zm.'D-c)j:-^^^W}m'^m^mm 
m^w-^r^~m^x^^o ^mm<D ^ mcDrabiz. r^^^j tu. ^nizH^-^x ^ 
^b^mi^ ^ zsm^^mm ^ (D ^ <D z. ^ ^ . ^mm <d -mm^^^m\zM i^x . x 

^'>V$r^T^2-:?©^^^#:tt, ^mm^'f\Z^-:>XitW^mi&mVXUW-^tl^o Z. (D 

^^mn'^m^mmm.ytn^ <D^u^^\zM^ X jtiffi r) . -f&^\zi0,'mm<Dmv\^w>\z 

[ 0 0 5 4 ] 

> ^:®*§-&fl5i7&?#4^>6^«/5^e,®2-p©m^®^#t-^t)0. CTJ^-a-i:aSijg'&te (ff 

* ) mm^m^v . z<Doni^i^m\zMT^iEm<Dm^'^w:^^rc^T. z<Dm^<Dm^ 

l/i^Siu-Wai Laii?>^. Fprobing d' -d" Interactions in Luminescent Mono-and Binocl 
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ear Cy c 1 ome t a 1 a t ed Platinum (II) Complexes of 6-Pheny 1 -2, 2 ' -b i pyr i d i nes j , Inorg 
. Chem. ( 1999^) 38, 4046-40 5 5 ; Mann ^ , T Ch a r ac t e r i z a t i o n of Oligomers of T 
etrakis (phenyl isocyanide) rhodium (I) in Acetonitrile Solutionj , J. Am. Chem. 

Soc. ( 1 975^) 97. 3553-3555, ^ # ^ tl ?i: Vi „ 

[ 0 0 5 5 ] 

mj^'^mr^u. m^iiKD^m^ nr^WLM^^~'^\z o mmx- $> ^ . ^(DV^uizn-r^^m 

[ 0 0 5 6 ] 

^ T ^ CO ^ # i& (melal-me t al-t 0-1 i gand-charge-t rans f er) ) h m t) ti ^ o tz * WlMU 
\Z. r \^ti:^^ii:^ ] fCHMbTl^i^o M - U^m <D < ^ Jb^ (D lam^t . MMLCT^fj 

:^ A \z M V X n m V fd ^ sy ^ m fj: t \t $^ iz m m-t ^ X $> ^ . ^^-rn^^^m 

b T M ^ ^ T t/^ ^ Novozh 1 1 ova ^ # , riheoretical Analysis of the Triplet Exc 
ited State of the [P t : (H, Pi Os ) < ] * " I on and Comparison with Time-Resolved X-ray an 
d Spectroscopic Resultsj , J, Am. Chem. Soc. ( 2003^) 1 2 5 , 1 079- 1 0 87 ; Rice^^ 
reiectronic Absorption and Emission Spectra of Binuclear Platinum (II) Comple 
xes. Characterization of the Lowest Singlet and Triplet Excited States of [Ptj (H 20 
*P*06)4]*"J , J. Am. Chem. Soc. ( 1 983^^) 1 05, 4571-4575, ^ # ^ ti Vi . 
r 0 0 5 7 ] 

^i/i^esf^M^-x^Acoa^^a^^a^^/N^-i^H >tm\:^x&^ — y7x. mml cxt^a 

* ^e^^TT* ^ (D M"^ (D lst> (D m ^ ^ ^ m ^ f f}^ . ^®®:iKH#»#:^#:(D^iKX^^ 

h )V\z^^VT^\.^„ m Z. (DrnV ir^ ]^ zi 5^ a ^ ^ # ( f ^ p p y > 3 p t . 

(SPy) 2 <Dmi^:^^^h)l^^. 5 0 0nmte:^^tlS (l^4#fl^) o 
[ 0 0 5 8 } 

=^:^^m\^^mum^m ^ ^ < ^ (D^m - ^m^-^ ^ tit^-vn ^ , oled 
(Di^^<Dfttb\z^m^n^^^:/(D^^m'^mm^\z}^-}:fi>^'^n^m^vz. -^jjjm 

rJIH4:5^*So t^^K-Dt^cDtkmrn^ziL-DX. M M \t m m ^ cD m <D ^ \z ^ f)^ h m ti 

m^it. -mi^mm^m-r^m^m\tmm'^mizi^n^m^^^m~^mm^^w-z>c 
t-^^x^^-^u m m m X \t ^ ^ u mm o . mi-^^^ < i^^r ^ ^ ^ iztj: ^ . :i<Dm^. m 
j^nf}^m^'-\xmx^'^-^n^(Dx. wimn^t r^coj x^^i^^-e;^:/^., m^m\^. r^^</u 
. }^-}^>^'^nrzmm\z:^n^7t-7zmmi5,kz^^m-^mm^^mizm^vx. x.^ 
^ ^rc\-t MM L c T mi^^m (D •rtii)'^ \zmc ^ Tc ^ o o ^ \z. u < -znb^o^m^ 
. z.zxmm^n^ rx4-i--^j 1 o mm\tm < i- ftrnmiKM izm < i. r^^m. 

[ 0 0 5 9 ] 

v^^coT'. ^n^«. nm^Mz<^7.h^hv^y^x^^>^^wcti^m^x0M^mux.^^jV' 
^-^m^mm'r^rcib(7:)m-(Dm^m^mm'r^, m-^uz. 2 ^ (Dm^umo^m^izi^ 
zy-^ (Dm m \t 2 -zxDnmmr^^ <D X. ji ^ - '^m ^ m ± v . m^cD}^— /^>h^^ 
mi^rci^<Di^mit^mm(D^i^^(D\z^:6^'orj:. -^t (d ^ ^ m mtj: ^ ^ m n k ip m ^ M¥ 

l^-r^o X^^y^ tmm'^(Di^ii(Dmm\zmi^Xl^. Andrew Gilbert*5 J^C/J Jim Baggotl 

TEssentials of Molecular Pho t o chem i s t ry j , 1991#^, CRC Press, Boston, pI45- 
l67^#SgSnfc 
[ 0 0 6 0 ] 

yem^^miiL^}^. ^tDOfm^fcTi:* m.M^m^r^::t\z^^x^itt^m(D^m^f^ so 
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@a^a^cD$g^cr)i5:(Deii:&W'5o ^ \^ \- M I. X U . B^L<ti^3>C^^Jg^^0^ 

\z.m^-^nft^ 1 (o^m'&^fs.w.^^ him 2 <Difiii>^JSt3gB&$nfc^2 <o)t?£#3^j:iEa^ 

o ^: T ^ -5 o 
[ 0 0 6 1 ] 

[ 0 0 6 2 ] 
[ft 5 ] 



10 




20 



(I) 



[ 0 0 6 3 ] 

^m^^^mit^mxib^. ^mm(D-mmj^mx\:Si. A\t<t^^ii,(D^m<oytmmi3i 

g2 ^ ^ T ^ ^ o 

[ 0 0 6 4 ] 

Lite: 



30 



(Ha) 



40 



[ 0 0 6 5 ] 

x\t. 2 -^m\^. m^z^\,^T^^<D\d^)^^>m^(Dm^\zmi^-t^mm^^m^ti^o 

mmtammmmx^t. Ar, tit!Ui^>d^B*ltfUv'>T^5.0, Ar^ t*:7xz:;i/;&^«^ 

7 X - afe „ 

[ 0 0 6 6 ] 
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[ 0 0 6 7 ] 
[<b 7 ] 




[ 0 0 6 8 ] 

. 't<D^m'(: . ^ m \t ^ m \z \^ -i 9- ^ ::f ^ ^ ^ 1^ X- ^ ^ 2 ~iiL m \z m m m 1^ ^ m 

& ^ . ^\Z&m:fS.f3.mm^m'V\t. a r ^ t a r , <D^:&?Jr*eUi?>j5^S«|^trUi^>T 
[ 0 0 6 9 ] 

[ 0 0 7 0 ] 

[-fb 8 ] 




[ 0 0 7 1 ] 

2 0 0 3-0 0 1 7 3 6 l^^i|ffl#Jcg§^^tlfcct'5/j:>'i'U^^U— h (cy c 1 ome t a 1 1 a t 

[ 0 0 7 2 ] 
[^b 9 ] 




[ 0 0 7 3 ] 



50 
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[ 0 0 7 4 ) 

[ 0 0 7 5 ] 
lit 1 0 ] 




(IV) 



[ 0 0 7 6 } 
[ 0 0 7 7 ] 

. ^m'^ iz^m d z , mm-^^ >=> t^i ^ a * WiMx ^ ^ ^ ^ o ^^mB'^mo l. u mo a 
p mm. i-m^(D^mp ^ mM <d :t - /-^ ^ -/ \z ^ -d t m ^ ^ nr^ o m x ^ ^ c t 

u^mu. 2 <Dm& \z ^ X 2 ^ <D ^ ^t^^mr^mm^myi^-r ^ c Lfi^x^ ^ . m 1 k: . 

S^^a* ^Mt^^< ^0\ZU^-fy^^X. m 2 a , m.MHi^^l^^n^^'^^ZU^ 

A^^-efeS. m^its ap WiMfi^ ^ o * m.M^(Dm.^<Dmfa\z^'o xmt ^ :l iiii}^x^ ^ 
. ^KOiS^-f-Z^CD^^fet^iJt^t (phosphorescent) X ^ ^ M tl ^ . 
[ 0 0 7 8 ] 

-«s:i', 3fe^tt;^i:iB^^*^-:3i5j-^fi, o ^ mMx\tr£ < tc* mm \z mm fz l V u o 

i^\zm^-r ^ K * #iii<ha, mMo^mo^^^mm-r ^ (Dizm-^vfc. ^^mo:>nmmmx 
tt, ^i^\^tjiUi^^r£Vx-m^^^rci\t^^^^^$^m-r^ c ^ \z x n ^^mm ^ % 

tiSo c ji^^- mit.t.^ < 'd:^^ <D:^mxmmx ^ ^ . m 1 \z. ^ ^b^mmmmid^mm 
rc:i^^x^^:^^^h)v\zn^^^Mti^i&^, m<D^-<x^m-\zi.ftfj:e,, -jigfc. 

^^'^^mm'X^^L'^^m<7)m'r'^mm^m^x^^. m ^i^. -m'^^\z^n^o* m. 
M t o 0 ^M\^m^<D^'L'^^m<Ddzm^<Dm(DmM^m<D^^x^z. < ^ t-^ omm 
m^'f-\t. mi^^m<D^Kffm^z%i}^f}^t:>i^'r. ^ m d ^ ^ zj^ v mm. (d x. jv ^ - i,z f)^ tj: 
V B m ^ :^ ^ h -pj m X ^ ^ o mm.:c:^;p^~(D:i(D^oy3:m^^m y mm^ \t. m 
mm^^h^'^mw<D^n^zit^U'X. m ^ (d ^ m d ^ ^ vi wiM. 31 ^ - ^ t w ^ i!)^ 
. ^rc\t±\tf^ctii^x^^. vftfi^^x . :i<D^3fj:m^i'm<D^m\^2-D(o^^b'^m 
(Dm^WLMm<o:ii:^jv^-m^mm^-^. ^vx a * m.^^ a , «i3E©Rg©x;^;i/^-^ 
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C 0 0 7 9 ] 

^':>XiBK^^lZ^^-^nrz.2'D<D'^*L-^m^m^o P t |w) — M -t (copl anar) J:: 4 O 

[ 0 0 8 0 ] 

[ 0 0 8 1 ] 

Pt (II). Pd(II),Ni (II). Ir (I),Rh(I).Ag(III) 

. A u (I I I ) u ^) ^ m m \t n ^ (o ^ m ^ fc \tm.<t^m \z L u , 

^ V d8^'\j^^m<Dm\z\t~^iz^\,^mis:f^mti^^^(Dxiif^h^^. m^\^^iz 
rd7j 4^^"^^) , ^Jctifgd^^^^-pfctf^'Ei'^JS ( rd9j cfJiC^^JS) ^-^^iTo d 

[ 0 0 8 2 ] 

< -D-fy^cDmmmmx^t. m^^m\t~m<Dmm,m\z^^tji>(\i^mx&^. mm,m\z^ 

^:f3:it'^m\t. i^^<'^Tb^<Dm^(Dftib\Z0^h^^. ^ ^> ^ <D \t . ti ^ # H (s ub 1 i me) 

^^zfM^mmh^-r\^^ii^^x&^o ^ti\zj:.K). ~^<D:;&m\z^^m^^mifim$^^zti 
m(D^mmmi\z^\.^xn^^\z'ip^TU\.^it'^i^f>^mmx^^ii^. ^<o ^ ^ u^^m 

[ 0 0 8 3 ] 

^mm-A^mm-r^m^^zmT^m^t^mmi^. mm^n^^t^j^rnvx^^ui^^. t^^ ^ 

[ 0 0 8 4 ] 

^^xmm^n^j;:.'^\z. mn\zM'r^\i^mnsxr<Dmr)x^^ : 

C B P : 4 , 4 ' - N , N - Jl n V — )]y - \i y ^ Jl 

m-MTDATA:4, 4' , 4" - hUX (3-^^)Uyx.-)ly:c>^)r^y) hU 

:7 :l — T a > 

AlqS: S-hVX-'\l\^U^iy^yU>'T)]/^=^^A 

Bphen: 4, 7-e/:7xr:;i/-i, lO-7x:^->hDU> 

n-BPhen: nH— tf>^b?fcBPhen (U^'i^ATK — tf>i^) 

F4 - TCNQ; 7^h^y)l^^n-y^h^t^T/-=¥/>^>^i$^> 

p-MTDATA : p K — tf>i^Lfcm-MTDATA (F4 - TCNQ-Tft^ — tf>^^) 

I r (ppy) , : h>JX (2-:7at:n;i/t!U>?>) --fUv^-i^A 
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Ir (ppz) 3 : h'JX (l-:7a:r:;i.tr7y^h.N,C (2' ) ^ ^ A (I I 

I 

) 

B C P : 2,9-5^ ;|/-4. 7->^pfx-;i/-l. 10-:7aid->hniJ 

> 

TAZ: 3-:7a:-Jl.-4 - (1' - y - 5- :7ni — 2, 4 

- h u r ^/ - ;u 
CuPc: my^uiyyny 

iTo: > ^ M^^^m^tm 

NPD: ^^^g^JP-^x — ;U->?T5> 

TPD: N, N* -t*7. (3-jj<?;^>^x — ;P) -N. N' - tfX - (^'x- 

)U) ^> > 

BAlg: (I I I) \i 7. (2-^^;^-8-^/Ur^^) 4-7 

x-;i/7xyi/— h 

mCP: 1. 3-N, N-v:^f;i//N'y — ;i/-^>'tf> 

DCM: 4 - (i^v-T/Xf^-I/^) ~6 - (4->?^^;l/T5/X^U;L'-2 

~ :k ^ )V) - 4H-l:^-7> 
DMQA: N, N' - "f- }]^ ^ ^ ^ ^) ^ > 

PEDOT:PSS:3|?iJ (3. 4-X5"V>'>?::r:^^>'^:^:7x>) t^t^U7Lf=-|/>x;i/ 

>m. ( p s s ) cD^^m^K 

FPt: S#(ii) (2-(4-,6-e^:7;t':tn>^xn;p)tfU>^:^h- 

N, CM (2. A~^>^>V^i-V-0, O) 
FPtdpm: (I I) (2 - (4-, 6->^:7JU:rD7xz:;i/) tfUv^^h- 

N. ) (2. 2, 6, 6-^f^;<^;i'-3, 5-^yi5?>>?:r 

h - O , O ) 

(Fs ppy) 2 Pta (SPy) , : V - (I I) , t*:^ (2 - (4-. 6-5^7 



h - N 1 : S 2 ) ] 

Pta Spy4 : (I I) , T^h^^X V u - (2-eU>^>5^::^-:hh-N 

1 

: S 2 ) 

Spy: 2-^:^HU>?>' 
[ 0 0 8 5 ] 
^1^ : 

[ 0 0 8 6 ] 

^^^j 1 

'J?^j^i^tlTVi'5BrooksC>^, fSynthesis and Characterization of Phospliorescent Cyc 
lometalated Platinum Complexesj , Inorganic Chemistry, 2002^, 41 (12). 3055-306 
^\zmm-^ titz ^ U . 4 , 6-dfppye^3^-r-7-(dimer)C2. OOg, 2. 38 

mmoi) (D :A ^ y - j],mm\zmfBvrc. ^m:^ 0 ^ A (0. 50g) ^'t<Dmm\z^^m 



10 



20 



30 



40 



50 
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[ 0 0 8 7 ] 

mvtzo 'Aiz . ^*®^ncoT"e^j^L, ^fc, ^ "J > - ^ - ^ > ^ \z I 0 ^ 

tSMv^fco i00mlt|-S:77Xnfti(Dh;i/X>fz:5. oomgco (F2 ppy) 2 Pt 

2 (SPy)2il00mg®CBP^i^^bT(F2Ppy)2Pt2 (SPy)^/ 

cBP<Dioom\(Dmm^mmvft(mmA)o ioomiifa:77xnifi<D]-;i/x> 

t5. 00mgCC>FPttl00ml(DCBP^i§^^L.TFPt/CBPO100mIi^ 

. 40000rpmT:«f^:?^S^±fcXtf>n-hU. (F2Ppy)2Pt. (SPy 
)2SSl!^^^fcoiS?KB^. 4 0 40 0 0 OrpmT' fill cr):^^7;S^±{c;2;tf>zi 

[ 0 0 8 8 ] 

CBPtc:h'-t:>::^$n7^i(F2PPy)2Pt2 (SPy)2C7:)^J^^20©7.^i7 
h;i/-e^®L7h. — ;5'c:)tf-^tt 3 7 0 nmT'f[&:;^c^)tf-i7ti 5 0 0 nm7?^'5o 
Z'ZKDT.^^hJl'l:^.. CBPi (F2 ppy) 2 Pts (SPy) 3 ®^tl-etl6DffiJiR:^ 

^^5' h ^ ^ o mm.^ ntto ^^^lUT^^n^tPL^^^i^bjpjiitgistc^ 

^tLTlri^o :/n-/hft|S3 10« 3 7 0 nmCD!i!i^tc:^f'5PLX-^i>b;i/:&^ro y 
□ y hft^3 2 0 t^ 5 0 0 nmClSi^fc^-r^PLX^^ h^l'^^fo 3 7 0 n m (D m 1^ 20 
tcM-rs:/n-.hfliat3;, CBP{cioT®iK$nfcx;*i;p=p-;5i, (f^ ppy) 2 P 

t. (SPy) 2 tCi^abL^T, ^ibTSfefctiS^liS^fo 

[ 0 0 8 9 ] 

I1I4JS, CBPfc5%TF-t'>^bfc (F3 ppy) 3 P t 2 (SPy) 2 ^J^CD, 
60 5nm(C^^L7t^5t{c:J:^a®X^^h-;P^^bT<.i^. ^ U h m m 4 2 0 
n >y h mm 4 1 Otl^UT'-^'tcS-i^l^Tl/^^;^^, ^^\zWm'^^^^ti)i'V^^^^\Z 
, ^C0fiI{C2 0;&i^De>tlfco ya>;/ htt^4 1 0-eS*J?gi^fC^ie>^>n*3 5 0 nin# 
ififDtf-^^frl, CBPt^i§®:iK<D&se>TSSo :^nyhfli^4 2 07?S'£>gg?it::^«66 
tlS500nm#]a®tf-i7ta, (F^ppyjaPt^ (SPy)3f-J;§!SiR<Dfcs6 
T&oT. SJgi|^^t:::fett§2r3©Pt»tiii>^^coFBl©ffiS#M^S^T. 30 
[0090] 

^5 a. FPt. FPtdpm, (F , ppy) , P t , (SPy) 2 O^t^X 

^^h;l/©itSe^7KbTl/i'&. CBP4't::^n^*n5%TK-tr>^^n?tFPt, FP 

tdpm. *5cfcC/ (Fa ppy) 2 Pt, (SPy) 2 (7>7:th;i'^x-tr>h(photo]uini 
nescent)^]^^, ±m(D^o\zX\f>n~v^4y^\ZJ::0mmL'. 37 Onm X-mmi^fz 
„ FPt> FPtdpm, ^ (F z ppy) 3 Pt2 (SPy) 2 ^tl^tWZM^^ 

PLX^iJ7h;i.d«:/PyhffilS510, 520.*5j:aC530^:bT^$nTti§» 

[ 0 0 9 1 ] 

mmm 3 

10 0nm@S®jP$<D2 0Q/n<Ov'-h^ttSri^-p>£:'r>>?'i7A-m?<fc#I (IT 40 

x^mv . :k\z. u V :t V >mm\z 1 0 ^f^^ ^ h X m^^\io . mm<t<Dm. m.^\z^ 
^^^-xffi^fj^ui X 1 0 ' To r rxj^mr^mmmzy:^^i.\z^^i.rz.. < 
(D^u^rc^/^^xm^^m&^j:.zj^msx^^n^^^izi'^mvrc. m i \z. 4ooa 

(D 4 - 4 ' -t*x [N - ( 1 - ^ y - N- 7x-;i/-T5y] if y :n J\, (a 

-NFD) iElfimmm (HTL) rz o < •Z>i}^(Dy' J^-i XX^^. 2 0 0AJ^$05 

mc p (D m ^m^mM.m (ebl) ^i^xmrnvtz. ^{c. 9 % (mm it) © (f^ pp 

y) 2 Pta (SPy) . t:mCPf}^CBP<Da^^it)^t^\zmmVX. 300AJ?$<3D 
EBL) tbT^irUfc. S^KltC. >?;t'3-'j7A (IV) (S-th'D^v-ci^y 50 
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u>) (z r Q , ) i)^^u^s5 0Am^<r>n^mmm (etd ^mm vr:i. i o Am 

^COL i F©®)5i^fi:^xA^-rx;?7V-hM::^ViTl 0 0 OAjP$cor;i/^n'j7A(7>M^ 

^fiS:i:ITO/NPD/(Fappy)2Pt2 (SPy)2:CBP/ZrQ4/LiF: 
A 1 

2 : ITO/NPD/CFs ppy) 2 Pta (SPy) 2 iCBP/BCP/ZrQW 
L i F : A 1 

S : ITO/NPD/CFb ppy) 2 Pt2 (SPy) 2 :mCP/ZrQWLiF: 

A ^ 10 

4 : ITO/NPD/mCP/(F3 ppy) 2 Pta (SPy) 2 :mCP/ZrQ4 / 
L i F : A 1 

[ 0 0 9 2 } 

iE?L$gljlM6 2 5, 6 3 5 . ^^^itg6 4 5. ^5J;IX;^3V-K 6 6 0^Wr^o 

[ 0 0 9 3 ] 

[ 0 0 9 4 ] 
[ 0 0 9 5 ] 

:/P'^htt«S9iOti«^itc^-rS'r";$^^£. ^bTynybffi«^9 2 0 td:#l^fe2t3:^ 30 

[ 0 0 9 6 ] 

h mm 1 0 1 ot^^jGKijc^tr^T^-a^^, ^i^xyuyhmmi o 2 oti;p^2E-^r 

^ L T ^ o 
[ 0 0 9 7 ] 

^1 I \t. m^3 ^ 4 ^^r^rz.y'j'^-c 7.(Dmmm^^^-r. m^s ry-Hi 1 1 

5, iEILIii^Sl 1 2 5, 1 1 3 5. «^«ii§ISl 145, ^^Zf^tlV-l^l 1 6 

OSrW-r^- tt[^S4i;i. «^i£3t|^U'^afe5ji^. iE?L*ftjgl®1125i:^3^Sll35±: 40 

[ 0 0 9 8 ] 

012tt. NPD/mCP/ELyZrq4 ^NPD/EL/2rq, (75;K^E& (^^3 
ffi^l 2 1 Ott, m^3lZM'r^y'— ^UTyn^ybfii^l 2 2 0 ti#|j^4tC^r 
[ 0 0 9 9 ] 

l2fl3Ji. NPD/mCP/EL/Zrq^ tNPD/EL/Zrq* («l^fi3 

t4) ^mr^y'/'^^xo. nWtm&Mnmo:/ a h i^m^^-t . :/n^/hffl«ii3i 50 
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L T S 0 
C 0 1 0 0 ] 

E14«. NPD/mCP/EL/Zra4 tNPD/EL/Zrq4 (D m ^ iM^ 3 

^ ^ L T 5/^ -5 o 
[0101] 

iai5t^. NPD/mCP/EL/Zrq^ iNPO/EL/Zra^ ©S^ife (H^igS 
m^3\ZM't^'T— ^LTy^D'^hffi^l 5 2 0 ^*3(i^4fc^TS^— iS^&^LX 

[0 1 0 2] 

iai6U, FPt.FPtdpm,:fej;?^(F3Ppy)2Pt2 (SPy)3CD<b^ 
[0103] 

igi7fi, X^^ft^^ (X-ray c ry s t a 1 1 ogr aphy) T?^3g^nfc (Fs ppy) 2 Pt 
2 <SPy).©ii^fe^^t-o 
[0104] 

Pt2 Spy. (n) :feJ:rJtSpy <n) \t . ^mtVX^cO'^i^ii^msi^^^nx^^^ 20 
Umakoshiei^, TBinucIear Platinum (II) and- (III) Complexes of Py r 1 d i ne-2- 1 b i 0 1 
aad Its 4-Methyl Analogue, Synthesis, Structure, and E I e c t r ochemi s t ryj , Inorg. 
Chem. 1 987^. 2 6, 3 5 5 1 -3 5 5 6 T P.^ ^ <fc ^ fr L T 2^ ii ^ tl fc » 

[01053 

^18«, 2-v<^;i/-7"h^-bKD-7^> (2-;^^;l/-THF) ^ . IiiMt^ 
m(r>m^(D P t 2 SPy4 CO P L (:7*h75n-fe>h) m^T.^^hJl^^'T. ^ n y 

hffi^i8i0J3:2-><^;i/-THF<7)^^tf-^^^b. ^bT:7'n-/hffi^i220 

t , SPy, ©^^tf-^'&^LTti-S^ yn-/hft|il820Ofc!-5rt^ 400n 
m#iafCfeO, ^LT-^®«(tail:7^-;P)ti 4 7 0 nmT*^?5:t)M^L.T45t)v ^filtt 

b T S . 
[0106] 

S19ti^ l^?^4^C0Pt2 Spy* <i:Spy0^iKx^^h;l/^^-r. yn^yl-ffi^l 

91O[iSpy®©iKX^ii7h;U^^UT0i^. 7'nyhffi^l920tiPt2 Spy4 

[0107] 

^ ^ BJ > # ^ c7) ^ ^ i ^ff jg t^j: ^ t:j T IS 9J $ n 2^ ^ §9 21 n S CO ^ 

[0108] 

^ X ^ ^ -r » 

[02] ^ll^mT$i^ll^^^f:^c^cvi^^L.yc^^^>t7'A-rx^^•r» 

[133] CBPt5%H-tf>^bfc (Fa ppy) 2 Pt^ (SPy) 2 

ir>h^31£X^i7h;i/(photoluminescent emission spec trum) & ^ • 

[gI4] e 0 5 n miD^ytlzmMV r^ii^m-V (O . CBPtC5%H-tf>i^bfc (F2 pp 
y) 2 Pt2 (SPy) 2 COiaEJiECOi&jex^i^h;^^^^, 5 0 0 nm©®JK/t>K^^ 
S C t 3&« T ^ S o 50 
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[05] FPt, FPtdpm. ^ ^ZS (F , ppy) 2 Pt^ (SPy) 2 <K> V Y )V 

fcFPt, FPtdpm, ^ X,XS (F, PPy) 2 Pt3 (SPy) 2 ^ ^ ^mii"^ 7. \i > 
n — 'T-^ >^t^j;oTPil$n. 3 7 0 nmT^i^^nfco 
[06] ITO/NPD (400A) / -mmVf. 9%:CBP (300A) / BCP ( 
I20A, ft^j^^) / Zrq4 (350A) /Li :AI (lOOOA) CD7^n<>?.0D 

[gill] ITO/NPD (400A) /mCP (200A. / -^^W. 9 

%:mCP (300A) / Z r q, ^ (350A) /Li :A1 (lOOOA) n < 7. 

® «i iB§ SI ^ r o 

[mi 2] lai W'z^^ntz.m^^^-t 7.(K> . n.m.^m.\znT ^m.'^m^<n>y u 

V h ft ^ ^ ^ -r » 

[013] ^iifc^^nfc^^^^-r-s-r/i-i'x©, iisK^a^s*fmjE<35::^D5/hteiig^ 20 

[1314] 01 \ \z^-^nit,m^^M^ 7.<D . ^#^^x^^7h;i/oyn-/bffi 

^ ^ ^ T » 

[0 15] 01 ifc^^tifca^^^-r-ST^/NWx®. :)t^^mjEE<z>::^nyHftig^^-r 

[^16] FPt. FPtdpm, ^ (Fa ppy) t Pt2 (SPy) ^ 0-fb^« 

fife & ^ T o 

[0 1 7 ] XSiJiga^i^ (X-ray c rys t a II ography) 7? ^ ^ $n^c (Fj ppy) 2 Pt^ 

(SPy) 3 co*»^^^r» 

[018]?g¥0g4i(OPtBSpy4<fPL^:JteX^i>h;i^^^-ro 30 
[019] ^m^<r>^ X ^ Spy4 tSpy®KiRX-^^7h;P^^-r„ 

[ iff ^ © ^ B>g ] 
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